To test the hypothesis, we directly analyzed the responses in multifiber aortic nerve activity (AoNA) and carotid sinus nerve activity (CsNA) during spontaneous motor activity in decerebrate, paralyzed cats. The increases of 62-104% in mean AoNA and CsNA were found during spontaneous motor activity, in proportion to a rise of 35 Ϯ 3 mmHg (means Ϯ SE) in mean arterial blood pressure (MAP), and had an attenuating tendency by restraining heart rate (HR) at the lower intrinsic frequency of 154 Ϯ 6 beats/min. Brief occlusion of the abdominal aorta was conducted before and during spontaneous motor activity to produce a mechanically evoked increase in MAP and, thereby, to examine the stimulus-response relationship of arterial baroreceptors. Although the sensitivity of the MAP-HR baroreflex curve was markedly blunted during spontaneous motor activity, the stimulus-response relationships of AoNA and CsNA were not influenced by spontaneous motor activity, irrespective of the absence or presence of the HR restraint. Thus, it is concluded that aortic and carotid sinus baroreceptors can code beat-by-beat blood pressure during spontaneous motor activity in decerebrate cats and that central command is unlikely to modulate the signal transduction of arterial baroreceptors.
cise, suggesting that arterial baroreflex function may be altered during exercise.
During the steady-state period of static or dynamic exercise in humans and conscious dogs, the stimulus-response curve between carotid sinus transmural pressure and HR was shifted rightward (to a higher carotid sinus pressure) and upward (to a higher HR) without changing the slope of carotid sinus baroreflex curve (6, 19, 34, 43, 46) . Central command descending from higher brain centers may contribute at least partly to the resetting of carotid sinus baroreflex (19, 43, 46) . This type of resetting of carotid sinus baroreflex was also observed by electrical stimulation of the mesencephalic locomotor region in decerebrate cats (33) . However, the results on carotid sinus baroreflex cannot be always extrapolated for aortic baroreflex, because the aortic and carotid sinus baroreflexes possess distinct physiological function (16, 45) . Unfortunately, the effect of exercise on the stimulus-response curve of aortic baroreflex remains little known. Furthermore, it is conceivable that the functional characteristics of the arterial baroreflexes are not identical during the whole period of exercise and may change from moment to moment during exercise, in particular, at the beginning of exercise. Indeed, Bristow et al. (7) and Staessen et al. (54) reported that the sensitivity of arterial baroreceptors-HR baroreflex reduces at the start of ergometer exercise in humans. Similarly, our laboratory reported that the slope of the AP-HR baroreflex curve is blunted at the onset of voluntary static exercise in conscious cats (32) . Particularly, selective inhibition of the cardiomotor component of aortic baroreflex contributed to the attenuated sensitivity of the AP-HR baroreflex at the onset of spontaneous motor activity in decerebrate cats, while carotid sinus baroreflex was preserved (29, 30) . On the basis of these findings, it is suggested that central command plays an important role in blunting the gain of the cardiomotor component of the aortic baroreflex at the initial transient period of exercise and in resetting the stimulus-response curve of the arterial baroreflexes to a higher AP during the steady state of exercise.
The effects of central command on arterial baroreflex function may result from modulation in signal transduction of aortic and carotid sinus baroreceptors, since it is known that the responses of the arterial baroreceptors against a given vessel wall distension are sensitized by an increase in sympathetic efferent nerve activity to the vessel or local application of norepinephrine (18, 24, 25, 27, 38, 56) . If so, central command may reduce the sympathetic nerve activity to desensitize arterial baroreceptors. On the contrary, an increase in sympathetic nerve discharge to smooth muscles in the vessel may make the vascular wall less compliant and, therefore, less distensible against a given AP change, which, in turn, may blunt the increase of arterial baroreceptor activity. In either case, a resultant reduction in the baroafferent input to the cardiovascular centers may lead to the diminished effects of the arterial baroreflexes. On the other hand, central command may elicit a direct inhibitory influence on neurons along the central baroreflex pathways. Mifflin et al. (35) reported using intracellular recording that electrical stimulation of the hypothalamic defense area induces a long-lasting postsynaptic inhibition in nucleus tractus solitarius (NTS) neurons that receive monosynaptic input from the carotid sinus nerve. Degtyarenko and Kaufman (14, 15) reported that stimulation of the mesencephalic locomotor region inhibits cell activity in the NTS that are responsive to baroreceptor stimulation. When constant baroreceptor input is transmitted with identical electrical stimulation of the aortic nerve to the cardiovascular centers, the resultant baroreflex bradycardia is blunted immediately before or at the onset of voluntary static exercise in conscious cats (26) and spontaneous motor activity in decerebrate cats (29, 30, 39) . Taken together, both peripheral and central mechanisms are conceivable for the effects of central command on the arterial baroreflex function during exercise.
Single-and multifiber activities of aortic and carotid sinus baroreceptors have been intensively investigated using anesthetized animals (4, 21, 40, 44, 48, 55, 58) . However, to our knowledge, measurements of aortic and carotid sinus baroreceptor activities have not been attempted to identify the exercise effect on the discharge characteristics of arterial baroreceptors. The purpose of this study was to test the hypothesis whether central command modifies discharges of aortic and carotid sinus baroreceptor afferents during spontaneous motor activity in decerebrate cats; otherwise, central command modifies the property of the arterial baroreflex function along the central baroreflex pathways.
METHODS
The present study was conducted in 14 cats weighing 3.0 Ϯ 0.1 kg in accordance with the "Guiding Principles for the Care and Use of Animals in the Fields of Physiological Sciences" approved by the Physiological Society of Japan and the Guideline for Animal Experiment in Hiroshima University. The experimental protocols were approved by the Committee of Research Facilities for Laboratory Animal Science, Natural Science Center for Basic Research and Development, Hiroshima University.
Preparations. The animals were anesthetized by inhaling a halothane (4%)-N 2O (0.05 l/min)-O2 (1.0 l/min) gas mixture, to implant catheters, perform decerebration surgery, and isolate the aortic and carotid sinus nerves. An endotracheal tube was inserted into the airway, and the lungs were ventilated with 0.5-1.0% halothane through the endotracheal tube. An electrocardiogram (ECG), HR, and thoracic respiratory movement were monitored throughout the experiments. To maintain a surgical level of anesthesia, the concentration of halothane was increased to 1.5-2.5% if HR and/or respiration spontaneously increased and/or if limb withdrawal occurred in response to a noxious pinch of the paw. Polyvinyl catheters were inserted into the right cephalic vein for administering drugs and into the right brachial artery for measuring AP. The arterial catheter was connected to a pressure transducer (DPT-6100, Kawasumi Laboratories, Tokyo, Japan). HR was derived from the R wave of ECG with a tachometer (model 1321; GE Marquette Medical Systems, Tokyo, Japan). Rectal temperature was maintained at 37-38°C with a heating pad and a lamp. The head of the cat was then mounted on a stereotaxic frame (SN-2N; Narishige, Tokyo, Japan). Decerebration was performed by electrocoagulation at the precollicular-premammillary level, as previously described (22, 29, 30, 31, 47) . To do this, a stainless-steel electrode with insulation removed 5 mm from the tip was inserted into the hypothalamus rostral to the mammillary bodies [coordinates from the midpoint of interaural line: anterior 13 mm, horizontal 6 mm, lateral 1-11 mm with an angle of 14°from perpendicular line; from stereotaxic atlases (5, 52)]. A negative DC current (1 mA) was passed through the electrode for 30 s. The electrode was withdrawn 4 mm, and the current was passed again. This procedure was bilaterally repeated for a total of 42 tracks at 0.5-mm intervals. At the end of each experiment, the animal was killed with an overdose of pentobarbital sodium, and the transected area of the brain was examined histologically. We confirmed that the cerebral cortex, the thalamus, and a rostral part of the hypothalamus (the anterior hypothalamic area, the supraoptic nucleus, and the rostral part of the lateral hypothalamic area) were disconnected from the brain stem, as previously reported (31, 47) .
Recording of aortic and carotid sinus baroreceptor activity. After the decerebration was completed, the cat was removed from the stereotaxic frame and placed in the lateral posture. The left aortic nerve was isolated between the cervical vagal and sympathetic nerves and remained intact. Multifiber aortic nerve activity (AoNA) was measured with a pair of Teflon-coated silver wire electrodes (bare diameter, 0.076 mm) and amplified by a differential preamplifier (S-0476, Nihon Kohden, Tokyo, Japan) with a band-pass filter of 50 -5,000 Hz in 11 cats. The amplified output of AoNA was sampled at a frequency of 10 kHz. The peaks and bottoms involved in the neurogram were continuously searched with a peak discrimination algorithm (41, 57) . If amplitude between a given peak and the neighboring bottom exceeded a threshold, the peak was counted as a spike and converted to a standard pulse. The threshold level was confirmed by visually comparing the original neurogram and detected spikes on an oscilloscope. The standard pulse trains were integrated by a resistance-capacitance integrator with time constant of 20 ms. The right carotid sinus nerve was isolated in the carotid sinus region of eight cats and remained intact; both aortic and carotid sinus nerves were identified in five cats. Multifiber carotid sinus nerve activity (CsNA) was measured in the same manner as AoNA. Both AoNA and CsNA were verified by spontaneous pulse-synchronous discharge and an increase in mass activity during a pressor response as shown in Fig. 1 .
The left tibial nerve innervating the triceps surae muscle was dissected at the popliteal fossa in all cats. For measurement of tibial motor nerve activity, the tibial nerve bundle was placed on a pair of Teflon-coated silver-wire electrodes (bare diameter: 0.076 mm), and then the peripheral portion of the nerve bundle was ligated. The original tibial motor activity was amplified by a differential preamplifier (S-0476; Nihon Kohden, Tokyo, Japan) with a band-pass filter of 50 and 3,000 Hz. The amplified output was rectified and integrated by a resistance-capacitance integrator having a time constant of 20 ms.
Protocols. After all surgical and preparatory procedures were completed, inhalation anesthesia was stopped, and then a neuromuscular blocker (pancuronium bromide, 2 mg) was intravenously administered. The experiments were started 2-3 h after the cessation of halothane anesthesia. Fictive motor activity, which was identified by occurrence of tibial motor nerve activity, occurred spontaneously at intervals of 14 -35 min without any kind of artificial stimulation. Such spontaneous motor activity was one of the characteristics in cats decerebrated at the precollicular-premammillary level, as previously reported (51) . The cardiovascular responses during the spontaneous motor activity were, therefore, elicited by central command, but not by the exercise pressor reflex. The beat-by-beat changes in HR, AP, AoNA, and CsNA were recorded during spontaneous motor activity, which lasted for a duration of 14 Ϯ 0.7 s (n ϭ 159 trials in 13 cats). Their responses during spontaneous motor activity were compared between the conditions with and without restraining HR at the intrinsic frequency to identify a possible effect of pulse frequency on the arterial baroreceptor discharge. The HR restraint was evoked by combined intravenous administration of atropine methyl nitrate (0.1-0.2 mg/kg) and atenolol (1 mg/kg).
If central command blunted the sensitivity of aortic baroreceptors in response to a given pressor response, the diminished baroafferent input to the cardiovascular centers might cause a reduction in the gain of arterial baroreflexes. To test the hypothesis, occlusion of the abdominal aorta for a brief period of 4.3 Ϯ 0.7 s, using a snare wound around the abdominal aorta above the left renal artery, was applied before (n ϭ 102 bouts), during (5.7 Ϯ 1.1 s from the motor onset; n ϭ 95 bouts), and after spontaneous motor activity (n ϭ 84 bouts) in 11 cats. The simultaneous changes in baroreflex bradycardia and AoNA or CsNA in response to the aortic occlusion were identified under the absence or presence of the HR restraint.
Data treatment and statistical analysis. Original and integrated AoNA and CsNA, HR, AP, ECG, and rectified tibial motor nerve activity were continuously recorded on an eight-channel pen-writing recorder (Recti-8K, GE Marquette Medical Systems, Tokyo, Japan). The data were stored in a computer with an analog-to-digital converter (MP150, BIOPACK Systems, Santa Barbara, CA) at a sampling frequency of 2 kHz. The beat-by-beat values of the cardiovascular variables were recalculated with the R wave of the ECG using a software program (AcqKnowledge 3.9.1, BIOPACK Systems, Santa Barbara, CA). The integrated AoNA and CsNA, HR, AP, and rectified tibial motor activity were displayed on a computer screen. The start and end of spontaneous motor nerve activity were visually determined using the tibial motor nerve activity.
The baseline levels of the baroreceptor activities and cardiovascular variables were defined as the mean values for more than 30 beats preceding spontaneous motor activity. The absolute values of the baroreceptor activities and cardiovascular variables and their changes from the baseline levels in a given trial were aligned at the onset of motor activity and further averaged among trials. The time course data of the responses were statistically analyzed by a one-way ANOVA. If either normality or equal variance test failed, a Kruskal-Wallis oneway ANOVA on ranks was performed. When a significant F value in the main effect of time was present, a Dunnett's post hoc test was performed to detect a significant difference from the control. Using the time course data, the average responses in the mean AoNA and CsNA (⌬AoNA and ⌬CsNA) were plotted against the increases in mean AP (⌬MAP) to construct the stimulus-response relationships as shown in Fig. 3 . AoNA and CsNA had pulse-synchronous discharge in association with pulsatile blood pressure. The maximal AoNA or CsNA in a given beat was defined as systolic AoNA or CsNA, while the minimal value was defined as diastolic AoNA or CsNA. Since AoNA and CsNA were not simultaneously recorded, the peak responses in HR and arterial blood pressures [systolic (SAP), MAP, diastolic (DAP), and pulse pressure] were compared between the bouts with AoNA or CsNA by an unpaired t-test, to examine reproducibility. Furthermore, the peak responses in the cardiovascular variables, the AoNAs, and the CsNAs during spontaneous motor activity were compared between the presence and absence of the HR restraint by the unpaired t-test.
In response to brief occlusion of the abdominal aorta, baroreflex bradycardia and the responses of AoNA and CsNA were measured before, during, and after spontaneous motor activity. With respect to the size of the baroreflex bradycardia, the peak change in HR in response to abdominal aorta occlusion in a given trial of spontaneous motor activity was defined as ⌬HR occl. The time at which ⌬HRoccl was detected was defined as Toccl. The mean change in HR at Toccl during spontaneous motor activity without the aortic occlusion was defined as ⌬HR ref. Thus, the net decrease in HR (⌬HRnet) due to the baroreceptor stimulation was calculated as (⌬HRnet ϭ ⌬HRref Ϫ ⌬HRoccl), as we previously reported (29, 30, 39) . The baroreflex ratio between ⌬HRnet and the increase in MAP was compared before, during, and after spontaneous motor activity using a one-way ANOVA and the Dunnett's post hoc test. Furthermore, the baroreflex ratio between ⌬HR net and the actual increase in AoNA or CsNA was similarly compared before, during, and after spontaneous motor activity. The same data were sorted according to MAP every 5 mmHg, and the stimulus-response relationships between the changes in MAP and AoNA or CsNA or HR were constructed (29) . The stimulusresponse relationships were compared before, during, and after spontaneous motor activity by a two-way ANOVA, and the maximal slopes of the relationship curves were compared among the periods using a one-way ANOVA and the Dunnett's post hoc test. The level of statistical significance was defined as P Ͻ 0.05 in all cases. The data are expressed as means Ϯ SE.
RESULTS
The baseline cardiovascular variables and aortic and carotid sinus baroreceptor activities with and without HR restraint at the intrinsic level are summarized in Table 1 . All of the baseline systolic, mean, and diastolic values of AoNA and CsNA and the baseline blood pressures, except the baseline HR, were the same between the two conditions. The systolic and mean values of AoNA were approximately three-fold of those of CsNA (P Ͻ 0.05).
Discharges of aortic and carotid sinus baroreceptors during spontaneous motor activity. The typical changes in AoNA, CsNA, AP, and HR during spontaneous motor activity are exemplified in Fig. 1 . When AP was elevated during spontaneous motor activity, AoNA and CsNA increased in parallel with the pressor response. Fig. 2 compares the beat-by-beat time course and magnitude of AoNA, CsNA, the pressor responses, and HR during spontaneous motor activity with absence or presence of HR restraint. Without HR restraint, HR maximally increased by 14 Ϯ 2 beats/min at the 19th beat from the onset of spontaneous motor activity, while systolic AP, MAP, and diastolic AP maximally increased by 28 -43 mmHg at the 42nd beat, respectively ( Fig. 2A) . Since the increase in SAP was greater than that in DAP, pulse pressure was elevated by 16 Ϯ 2 mmHg. Mean and diastolic AoNA greatly increased (P Ͻ 0.05) by 278 Ϯ 36 impulses/s (62 Ϯ 7% of the baseline value) and by 270 Ϯ 53 impulses/s at the 21-22nd beat from the onset of spontaneous motor activity, while systolic AoNA slightly increased by 134 Ϯ 22 impulses/s (15 Ϯ 3%) at the 27th beat ( Fig. 2A) . On the other hand, all of systolic, mean, and diastolic CsNA increased (P Ͻ 0.05) by 162 Ϯ 13 impulses/s (43 Ϯ 3% of the baseline value), 124 Ϯ 10 impulses/s (104 Ϯ 9%), and 41 Ϯ 5 impulses/s at the 34 -48th beat during spontaneous motor activity (Fig. 2B) . The peak cardiovascular responses during spontaneous motor nerve activity were not different (P Ͼ 0.05) between the bouts with AoNA or CsNA. The HR restraint at the lower intrinsic frequency of 154 beats/min augmented (P Ͻ 0.05) the increase in DAP (from 28 Ϯ 1 mmHg to 37 Ϯ 2 mmHg) but had no significant influences on the increases in SAP and MAP; accordingly, the increase in pulse pressure was attenuated (P Ͻ 0.05). On the other hand, the HR restraint did not affect the peak responses in the systolic, mean, and diastolic AoNA during spontaneous motor activity but blunted (P Ͻ 0.05) all of the peak response in the CsNAs (Figs. 2 and 3) .
It was of interest that the increases in AoNA and CsNA peaked and decayed faster than the increase in MAP, irrespective of presence or absence of the HR restraint (Fig. 2) . Accordingly, when the relationship between the absolute changes in MAP and mean AoNA or CsNA was plotted, both ⌬MAP-⌬AoNA and ⌬MAP-⌬CsNA curves showed a clockwise hysteresis loop (Fig. 3) . In the absence of the HR restraint, the slope of the ⌬MAP-⌬AoNA curve was 11.1 impluses· s Ϫ1 ·mmHg Ϫ1 at the rising phase of ⌬MAP, while the slope of ⌬MAP-⌬CsNA curve was 4.6 impluses·s Ϫ1 mmHg Ϫ1 (Fig. 3, A  and C) . However, regarding the relative percentage changes from the baseline, the slope of ⌬MAP-⌬CsNA curve (3.4%/ mmHg) was relatively similar to the slope of ⌬MAP-⌬AoNA curve (2.6%/mmHg) as shown in Fig. 3 , B and D. The HR restraint blunted the slopes of the ⌬MAP-⌬AoNA curves by 26 -31% of the control and the slopes of the ⌬MAP-⌬CsNA 
SAP, systolic arterial blood pressure; MAP, mean arterial blood pressure; HR, heart rate; DAP, diastolic arterial blood pressure; AoNA, aortic nerve activity; CsNA, carotid sinus nerve activity. *Significant difference (P Ͻ 0.05) with and without HR restraint. †Significant difference (P Ͻ 0.05) between AoNA and CsNA.
curves by 36 -55%, respectively, despite the same baseline levels of AoNA, CsNA, and MAP (Table 1) .
Responses in arterial baroreceptors to aortic occlusion during spontaneous motor activity. Brief occlusion of the abdominal aorta produced a mechanically induced increase in MAP, which, in turn, elicited baroreflex bradycardia. Fig. 4 typically represents that the baroreflex bradycardia was markedly blunted during spontaneous motor activity, whereas the increases in AoNA and CsNA in response to aortic occlusion appeared similarly or more vigorously during spontaneous motor activity in the same cat. The net peak changes in HR, MAP, mean AoNA, and mean CsNA in response to aortic occlusion given before, during, and after spontaneous motor activity are summarized in Fig. 5 . Compared with the control before spontaneous motor activity, the aortic occlusion-induced ⌬HR net was blunted (P Ͻ 0.05) by 21-50% during spontaneous motor activity, despite a greater increase in MAP. Accordingly, the baroreflex ratio of ⌬HR net /⌬MAP was reduced (P Ͻ 0.05) to 14 -39% of the control value of 1.73-1.80 beats·min Ϫ1 ·mmHg Ϫ1 (Fig. 5) . Furthermore, it was noted that the aortic occlusion-induced increase in mean AoNA or CsNA was augmented (P Ͻ 0.05) during spontaneous motor activity. The ratio of ⌬AoNA/⌬MAP during spontaneous motor activity was not different (P Ͼ 0.05) compared with the control, while 
Heartbeat number
Heartbeat number Fig. 2 . A: the average responses in AP (systolic, mean, and diastolic), pulse pressure, HR, and AoNA (systolic, mean, and diastolic) during spontaneous motor activity with and without HR restraint at the intrinsic frequency. B: the average responses in AP (systolic, mean, and diastolic), pulse pressure, HR, and CsNA (systolic, mean, and diastolic) during spontaneous motor activity with and without the HR restraint. Arrows and vertical dotted lines show the onset of spontaneous motor activity.
Spontaneous motor activity

the ratio of ⌬CsNA/⌬MAP slightly increased (P Ͻ 0.05). The baroreflex ratios of ⌬HR net /⌬AoNA and ⌬HR net /⌬CsNA were remarkably reduced (P Ͻ 0.05) during spontaneous motor activity to 11-27% of the control value of 0.43-0.70 beats/100 impulses (Fig. 5) .
To estimate the sensitivity of the responses in HR or mean AoNA or CsNA against the blood pressure changes, the relationship curves between the relative changes in MAP and HR or AoNA or CsNA evoked by aortic occlusion were constructed in every bout, and the maximal slopes of the response curves were compared before, during, and after spontaneous motor activity. Fig. 6 represents the averaged stimulus-response curves between the changes in MAP and HR or mean AoNA or CsNA with and without the HR restraint. Fig. 7 summarizes the maximal slopes of the response curves. The baroreflex slope of the ⌬MAP-⌬HR curve was obviously blunted (P Ͻ 0.05) to 0.36 Ϯ 0.01 beats·min Ϫ1 ·mmHg
Ϫ1
during spontaneous motor activity from the control slope of 1.9 Ϯ 0.18 beats·min Ϫ1 ·mmHg Ϫ1 before spontaneous motor activity (Figs. 6 and 7) . To the contrary, the stimulus-response relationship curves for mean AoNA and CsNA were not significantly influenced (P Ͼ 0.05) by spontaneous motor activity (Fig. 6) . The slopes of the ⌬MAP-AoNA and ⌬MAP-CsNA curves were identical before, during, and after spontaneous motor activity (Fig. 7) . Furthermore, the stimulus-response curves of the AoNA and CsNA were not shifted rightward to a higher MAP. The HR restraint at the intrinsic frequency almost abolished the baroreflex-induced changes in HR. Besides this, the HR restraint attenuated (P Ͻ 0.05) the slope of the stimulus-response curve of the CsNA in response to aortic occlusion given at rest, whereas the slope of the stimulus-response curve of the AoNA was maintained even in that condition (Figs. 6 and 7) . The slopes of the stimulusresponse curves of the AoNA and CsNA were identical before, during, and after spontaneous motor activity with the HR restraint (Fig. 7) .
DISCUSSION
We have examined for the first time the dynamic characteristics of discharges of aortic and carotid sinus baroreceptors, not only at rest but also during spontaneous, fictive motor activity using premammillary-precollicular decerebrate cats. The new findings of this study are as follows: 1) mass discharges of aortic and carotid sinus baroreceptors increased in parallel with the pressor response during spontaneous motor activity in decerebrate cats, 2) when brief occlusion of the abdominal aorta was given during spontaneous motor activity, the aortic occlusion-induced baroreflex bradycardia and the slope of the MAP-HR curve were blunted compared with the control before spontaneous motor activity, whereas the stimulus-response curves of AoNA and CsNA were not altered, and 3) in the presence of the HR restraint at the lower intrinsic frequency, the stimulus-response curves of AoNA and CsNA were also identical before, during, and after spontaneous motor activity, although the sensitivity of the baseline stimulusresponse curve of CsNA was blunted. Taken together, it is unlikely that central command may modify signal transduction of aortic and carotid sinus baroreceptors in association with spontaneous motor activity. Instead, aortic and carotid sinus baroreceptors can convey information about the beat-to-beat blood pressures to the central nervous system not only at rest but also during spontaneous motor activity. 
Central command does not modify discharges of aortic and carotid sinus baroreceptors during spontaneous motor activity.
Since central command increases renal and cardiac sympathetic nerve activities during spontaneous motor activity in decerebrate cats (22, 31) , it is conceivable that central command may also change sympathetic nerve activity to the vascular walls of the aortic and carotid sinus regions. Besides the intrinsic resetting characteristics of arterial baroreceptors in response to a stepwise change of perfusion pressure or vessel wall diameter (2, 8, 10, 13, 37, 49) , extrinsic sympathetic control for signal transduction of arterial baroreceptors is conceivable. Indeed, signal transduction of aortic and carotid sinus baroreceptors against a given AP-evoked wall distension is sensitized by an increase in the sympathetic nerve activity and local application of norepinephrine (18, 24, 25, 27, 38, 56) . If so, it would be necessary for a decrease in the sympathetic nerve activity to the arterial walls to reduce the sensitivity of arterial baroreceptors. On the contrary, it is speculated that an increase in the sympathetic nerve discharge may make the arterial walls less distensible against a given AP change. As a result, the response in arterial baroreceptor activity in response to a given AP change will be blunted. In either case, a resultant reduction in the baroafferent input to the cardiovascular centers may lead to the diminished effects of the arterial baroreflexes around the operating point of AP. To test the hypothesis, we have measured discharges of aortic and carotid sinus baroreceptors during spontaneous motor activity in decerebrate cats and examined the effects of spontaneous motor activity on their dynamic characteristics in response to mechanically evoked pressor challenges by brief occlusion of the abdominal aorta. As a matter of fact, the dynamic characteristics of aortic and carotid sinus baroreceptor activity against the blood pressure increases were identical before, during, and after spontaneous motor activity (Figs. 5 and 6 ). The stimulus-response curves of the AoNA and CsNA were never shifted rightward to a higher AP, and their slopes were never blunted during spontaneous motor activity. The same tendency of the AoNA and CsNA was also observed under the HR restraint condition avoiding any possible effect of pulse frequency on the baroreceptor activities. Taken together, it is unlikely that signal transduction of aortic and carotid sinus baroreceptors is modified by central command during spontaneous motor activity.
Central modulation of arterial baroreflex function along the medullary baroreflex pathways. Our laboratory reported that when constant aortic baroreceptor input is transmitted to the cardiovascular centers, the resultant baroreflex bradycardia is blunted immediately before or at the start of voluntary static exercise in conscious cats (26) and spontaneous motor activity in decerebrate cats (29, 30, 39) . Moreover, the cardiac component of aortic baroreflex elicited by occlusion of the abdominal aorta is selectively inhibited at the start of spontaneous motor activity in decerebrate cats, whereas the cardiac component of carotid sinus baroreflex is not influenced by the spontaneous motor activity (29, 30) . These recent data suggested that central command plays a role in producing the differential modulation of the cardiomotor components of aortic and carotid sinus baroreflexes along the central baroreflex pathways. This notion is supported by the present evidence that the dynamic characteristics of the AoNA and CsNA were never altered during spontaneous motor activity (Figs. 5 and 6 ). It is known that primary aortic and carotid sinus baroreceptor afferents project to the same regions of the NTS, but they do not converge on the same first-order neurons (12, 17) . Most barosensitive neurons recorded in the NTS, however, respond to ⌬MAP, the change in mean CsNA (⌬NA), the ⌬NA/⌬MAP, ⌬HRnet, ⌬HRnet/⌬MAP, and the ⌬HRnet/⌬CsNA in response to the aortic occlusion are compared before, during, and after spontaneous motor activity. NA, mean nerve activity. *Significant differences (P Ͻ 0.05) from the control before spontaneous motor activity. N.S., not significantly different from the control before spontaneous motor activity. stimulation of both aortic and carotid sinus nerves (53), indicating a convergence of aortic and carotid sinus baroreceptor input on the same second-or higher-order neurons in the NTS. Thus, we propose that the first-order barosensitive neurons in the NTS are more likely to be a target site of central command (28) . Indeed, electrical stimulation of the hypothalamic defense area induces a long-lasting postsynaptic inhibition in NTS neurons that receive monosynaptic input from the carotid sinus nerve (35) , and stimulation of the mesencephalic locomotor region inhibits extracellular cell activity in the NTS that are responsive to baroreceptor stimulation (14, 15) . Also, stimulation of the hypothalamic and mesencephalic defense areas can cause suppression of the cardiac component of the aortic baroreflex (20, 42, 50) .
Similar and dissimilar characteristics of discharges of aortic and carotid sinus baroreceptors. As far as average baroreceptor activity per beat is taken into consideration, the stimulusresponse relationship between the MAP change and the percent baroreceptor activity was in common between AoNA and CsNA. The stimulus-response curves of both average AoNA and CsNA per beat were not influenced by spontaneous motor activity, irrespective of the absence or presence of the HR restraint at the lower intrinsic cardiac frequency (Figs. 6 and 7) , indicating that the arterial baroreceptors are capable of coding beat-by-beat blood pressure signal throughout spontaneous motor activity. Without the HR restraint, HR was 201 beats/ min at rest and increased to 215 beats/min during spontaneous motor activity, while the intrinsic HR was 154 beats/min. In the presence of the HR restraint, the decrease in pulse frequency may blunt the sensitivity of the stimulus-response curves of arterial baroreceptors during spontaneous motor activity, especially carotid sinus baroreceptors (Fig. 3) . Similarly, the slope of the stimulus-response curves of CsNA in response to aortic occlusion was blunted in the HR-restrained condition (Fig. 7) . These findings are in agreement with a previous study reporting that CsNA per unit time increased as pulse frequency was raised (1) , but in disagreement with other studies demonstrating that CsNA and AoNA per unit time was unchanged (3, 4, 9) or decreased (2) . The controversy about the effects of pulse frequency on the AoNA and CsNA may be due to differences in preparations (for example, in vivo natural condition vs. in vitro isolated condition) and in how to change pulse frequency (for example, spontaneous exercise, cardiac pacing, vagal nerve stimulation, or changing a frequency of artificially controlled sinusoidal blood pressure, etc.).
On the other hand, there were some dissimilar aspects between the AoNA and CsNA. First, the absolute mass activity of CsNA was much less during resting and during exercise than that of AoNA, although the relative percent changes in response to the pressor response was similar between AoNA and CsNA. This may imply a lower firing rate and/or a smaller number of active afferents, but the difference does not necessarily suggest a smaller influence of the carotid sinus baroreflex on the cardiovascular system. Second, compared with CsNA, AoNA had a trend of a greater hysteresis between the rising and falling phases of MAP, irrespective of whether HR was restrained at the intrinsic frequency or not (Fig. 3) . In other words, resetting of the AoNA may occur during voluntary behavior in a daily life, while resetting of the CsNA may not always occur at the same time frame. Third, the HR restraint attenuated the slope of the stimulus-response curve of the CsNA in response to aortic occlusion, but not the AoNA (Figs.  6 and 7) . Because aortic occlusion produced a faster pressor response than that observed during spontaneous motor activity, AoNA may have a greater sensitivity against the rate component of the pressor response, which may mask the influence of pulse frequency.
Limitations. Some substantial limitations are involved in this study. First, we did not examine the responses in aortic and carotid sinus baroreceptors to any depressor challenges. The threshold pressures of arterial baroreceptors were, therefore, unknown, and the input-output relationship of the baroreceptors did not cover the entire range of blood pressure but was confined to the higher pressor range from the operating point. Second, we measured multifiber mass activity of aortic and carotid sinus baroreceptors but did not record any single-fiber activity. For this reason, we did not discriminate between the responses of medullated and nonmedullated baroreceptor afferents (9, 55, 58) . Furthermore, the true mass of neural activity might be underestimated by missing spikes due to summation of spikes and/or smaller action potentials below a detection threshold. To avoid this, all peaks and bottoms involved in the neurogram were searched, and spikes were distinguished from noise by means of the threshold amplitude between a given peak and the neighboring bottom (41, 57) . The threshold level was checked by visually comparing the original neurogram and detected spikes on an oscilloscope. Nevertheless, the underestimation might not be fully avoided. Third, only aortic blood pressure was monitored throughout the experiments, and the discharges of carotid sinus baroreceptors were not compared with the changes in carotid sinus pressure. However, since the present experiments were conducted in the lateral posture, a difference in mean blood pressure between the aortic and carotid sinus regions was negligible.
Perspectives and Significance
From the previous and present findings of our laboratory, we would like to outline the arterial baroreflex system during exercise as follows. It is likely that signal transduction of arterial baroreceptors is not modified by central command during spontaneous motor activity, and aortic and carotid sinus baroreceptors can convey information about the beat-to-beat blood pressures to the central nervous system not only at rest but also during spontaneous motor activity. Probably along the central baroreflex pathways, central command produces selective inhibition of the cardiomotor component of aortic baroreflex for instantaneous acceleration of HR during spontaneous motor activity, whereas the cardiomotor component of carotid sinus baroreflex and the vasomotor components of the baroreflexes are preserved (26, 29, 30) . In addition, the more HR increases during exercise in a daily life, the greater role exercise tachycardia may play in increasing baroreceptor input and thereby causing central facilitation of the arterial baroreflexes like the pulsatile blood pressure signal (11) . As a result, it is expected that the gain of the cardiac baroreflex is blunted to increase cardiac output during exercise, while the gain of the vasomotor baroreflex is preserved or may be increased as a result of augmented baroreceptor input in concert with resetting of the stimulus-response curve (23, 36) .
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